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In chemistry, chitin is modified through its hydroxyl group which has high reactivity to several functional groups. 3 Furthermore, several anions are accumulated on the chitin surface on the basis of interaction with the protonated acetylamide group.
In particular, MoO4 2-has a strong interaction with the chitin. 4 In living bodies and in the environment, molybdenum distributes widely. 5 It is related to enzymatic redox reactions and to the nitrogen metabolism of plants. Therefore, it is important to grasp the behavior of molybdenum. An electrochemical procedure is effective as one of the methods of detecting molybdenum. 6, 7 Because use of chitin powder was effective to accumulate molybdenum, we proposed a voltammetric detection of MoO4 2-at a carbon paste electrode (CPE) modified with the powder. 8 The CPE achieved selective accumulation of molybdenum and sensitive detection. However, it is difficult when the chitin powder is applied to other electrodes such as glassy carbon, gold or platinum. When the chitin powder is formed to a film, the characterization of the chitin for the electrodes is shown. For example, we have attempted to develop a glucose sensor at platinum electrode with a chitin film and a glucose oxidase. 9 The chitin film as support of enzyme was used, and the electrode could detect glucose rapidly.
In this study, voltammetry of MoO4 2-accumulating by electrostatic interaction was developed at a glassy carbon electrode with chitin film (Fig. 1) . Features of this method are as follows. First, accumulation of MoO4 2-is based on the electrostatic and hydrophobic interactions with chitin. Second, the influence of coexisting compounds have little effect on affects to the measurement of MoO4 2-because the measuring solution differs from the accumulation solution. In addition, the property of the electrode was compared with that of a CPE mentioned above. The proposed method was applied to the determination of molybdenum in seawater prepared by the National Research Council of Canada.
Experimental

Apparatus
Voltammetric measurements were carried out with a Bioanalytical Systems Inc. 
Reagent
A 1 × 10 -2 mol dm -3 stock solution of MoO4 2-was prepared by using Na2MoO4 (Wako Pure Industries, Japan). Chitin powder was purchased from Funakoshi Co., Ltd., Japan.
An accumulation solution and a measurement solution were acetic acid/sodium acetate buffer. High quality nitrogen was used for deaeration. Other reagents were of analytical reagent grade.
Preparation of chitin film
N,N-Dimethyl acetoamide (DMA) (2 g) and 1-methyl-2-pyrrolidone (NMP) (2 g), chitin (0.075 g) and LiCl (0.25 g) were weighed in a beaker and mixed with stirring for 1 h. When the mixture became a gel, DMA (4 g) and NMP (4 g) were added. The mixture was again stirred for 2 h. The solution (1.5 g) was transferred into several petri dishes and evaporated at 50˚C for 16 h. To eliminate DMP and NMP, the films were rinsed with pure water. Then chitin films were stored in pure water until the film was used. The thickness of the chitin film was about 0.009 mm. To estimate the thickness, these conditions were assumed. The shape of the chitin film is circular with uniform thickness. Radius, density and weight of the film are 1.50 cm, 1.4 g cm -3 and 0.009 g, respectively.
Procedure
The chitin film was mounted on an electrode with an O-ring, and the electrode was immersed in the 0.1 mol dm -3 acetate buffer (pH 4.3) containing MoO4 2-with stirring. After the electrode was rinsed with water, the electrode was transferred into 0.1 mol dm -3 acetate buffer (pH 4.3) which had been deaerated. Next, the potential was scanned from -1.00 V to -0.00 V toward the positive direction, and differential pulse voltammograms were recorded (pulse amplitude, 50 mV; pulse interval, 1 s; scan rate, 5 mV/s).
Results and Discussion
Voltammograms obtained at a glassy carbon electrode covered with a chitin film are shown in Fig. 2 . The electrode was immersed in 0.1 mol dm -3 acetate buffer (pH 4.3) in the presence of 1 × 10 -7 mol dm -3 MoO4 2-with stirring for 10 min. After the electrode was transferred to 0.1 mol dm -3 acetate buffer without MoO4 2-, the potential was held at -1.00 V for 1 min to reduce molybdenum that was accumulating on the electrode. When each measurement was carried out, an oxidation peak appeared at -0.60 V. However, the peak was not observed between -1.00 and 0.00 V in blank solution. Accordingly, the oxidation peak current makes detection of MoO4 2-possible. To examine an electrode reaction of molybdenum, measurements were attempted with cyclic voltammetry. The concentration of MoO4 2-in 0.1 mol dm -3 acetate buffer (pH 4.3) was 5 × 10 -6 mol dm -3 and the scan rate was 50 mV/s. Other conditions were the same as those of the procedure mentioned above. A reduction peak of molybdenum at -0.70 V is influenced by background current, as shown in Fig. 3 . On the other hand, the baseline of oxidation direction in blank was stable. Because molybdenum is accumulated as MoO4 2-on the electrode, the reoxidation peak of molybdenum after the reduction step was measured.
The voltammograms of the fifth and tenth scans were similar to that of first scan. Therefore, it is expected that a species in reduction form does not have a positive charge such as MoO2 2+ and MoO 3+ . That is, the species are stripped by electrostatic repulsion to a solution. Furthermore, voltammograms of MoO4 2-at the electrode were compared with that at a bare electrode. After the accumulation was made for 10 min at -1.00 V by the electrode in 0.1 mol dm -3 acetate buffer with 5 × 10 -6 mol dm -3 MoO4 2-, voltammograms were recorded. Although an oxidation peak was observed in the first scan, this peak disappeared in the next scan. This phenomenon shows that one species of molybdenum is stripped from the electrode surface.
On the other hand, it was reported that Mo(VI) was reduced to Mo(IV) on a hanging mercury drop electrode in pH 4 -5. 10 As a result, MoO2 is proposed as the reduced species of molybdenum. The species of molybdenum(VI) is reduced to that of molybdenum(IV) at -1.00 V, and molybdenum(IV) is reoxidized to molybdenum(VI) by scanning the potential. MoO2 does not have any, so little of it leaked from the electrode. MoO4 2-remained on the basis of the electrostatic interaction between MoO4 2-(Mo7O24 6-) and protonated acetylamide group of chitin film. 11 When the pH value of acetate buffer for accumulation of molybdenum was investigated (pH 3.3 -6.0), the peak current of molybdenum was maximum at pH 4.3. The reasons are as follows. For pH values lower than 4.3, the accumulation of MoO4 2-decreases because the species of HMoO4 -is formed. When pH is higher than 4.3, the peak current of molybdenum decreases with decreasing the degree of protonation of the acetylamide group. The acetate buffer (pH 4.3) without MoO4 2- was used as the measurement solution, because MoO4 2-accumulated on the electrode hardly dissolved in the solution, and the background current was small.
For the relation between the peak current and the accumulation time in 0.1 mol dm -3 acetate buffer (pH 4.3) with 5 × 10 -7 mol dm -3 MoO4 2-, the peak current linearly increased up to 10 min. The peak current became constant after about 30 min, because acetylamide groups of chitin on the electrode surface were saturated.
When the pH value of accumulation solution is above pH 7.0, MoO4 2-is not accumulated on the chitin film. Therefore, the electrode is simply regenerated by immersing in 0.1 mol dm -3 sodium acetate (pH 7.4) with stirring for 10 min. The peak current became constant after the electrode was regenerated 5 times. This phenomenon was observed in several studies. 8 It was understood that the cycles of measurement/regeneration changed the directions of acetylamide group, initially oriented randomly on the film, and facilitated the interaction on the electrode surface. This regeneration of the electrode makes the increase of the peak current and the improvement of reproduction by the repeated uses. This pretreatment is necessary before the measurement.
The accumulation of MoO4 2-, followed by a measurement with differential pulse voltammetry, was carried out for 10 min in 0.1 mol dm -3 acetate buffer. The calibration curve was linear over the range from 1 × 10 -8 to 8 × 10 -7 mol dm -3 MoO4 2-with a correlation coefficient of 0.998. The detection limit of MoO4 2-estimated from three times the standard deviation of the blank under the conditions was 7 × 10 -9 mol dm -3 . The relative standard deviation at the same electrode surface for five determinations of 5 × 10 -8 mol dm -3 MoO4 2-was 4.8%. Sensitivity of this electrode is more than 10 times that of a carbon paste electrode modified with chitin powder. The improvement of the sensitivity may be due to the surface area of the chitin film. 8 Table 1 indicates the concentration limits at which interfering anions give a relative error of less than 10% in the peak current obtained after 10 min accumulation in 5 × 10 -7 mol dm 2-exists as a divalent ion at pH 4.3. These results show that the accumulation of MoO4 2-on the electrode is selective. It has been suggested that the predominant species was the paramolybdic anion Mo7O24 6-in acidic solution (pH 4 -5) . Therefore, the selective accumulation of molybdenum is achieved on the basis of greater charge of this species comparing to Cl -, Br -, I -and NO3 -.
Generally, it is known that the predominant species of molybdenum is MoO4 2-in neutral pH. 12 Therefore, the proposed method was applied to molybdenum in seawater. The samples were CASS-2 and NASS-4 of seawater reference materials for trace metals prepared by the National Research Council, Canada. The seawater had been adjusted to pH 1.0 with HNO3. To measure MoO4 2-in the seawater, final pH of the solutions was adjusted to pH 4.3 with 0.1 mol dm -3 sodium acetate. The results obtained agreed with the certified values ( 
